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@ Liquid crystal display device. 

Q) A liquid crystal display device comprising a liquid crystal 
display panel for displaying picture elements in accordance with 
a predetermined voltage applied thereto is disclosed. In the 
liquid crystal display device, a light shutter is arranged betweeri 
the liquid crystal display panel and a light source, and the light 
shutter shades the light incident to the picture elements being 
rewritten from the light source. 
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Description 

Liquid 


BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a liquid crystal 
display device, and more particularly, to a light 
transmissive type ferroelectric Hquid crystal display 
device having a matrix type display panel. 

DESCRIPTION OF PRIOR ART 

Figs. 7 and 8 show fundamental structures of a 
conventional matrix type display with use of a light 
transmissive type ferroelectric liquid crystal display. 

In Figs. 7 and 8, polarizers 1 and 9 arranged to 
have crossed Nicols relation are formed oppositely 
to each other, and a light source (not shown) is 
arranged on the outer surface of the polarizer 9. 
Transparent substrates 2 and 8 of glass are arranged 
on the inner surfaces of the polarizers 1 and 9, 
respectively. Sixteen transparent conductive scan- 
ning electrodes 4 (Li to Lie) having a sthp shape are 
formed in parallel with each other on the inner 
surface of the transparent substrate 2, and sixteen 
transparent conductive signal electrodes 7 for 
applying a signal having a strip shape are formed in 
parallel with each other on the inner surface of the 
transparent substrate 8. A ferroelectric liquid crystal 
layer 5 is formed between the transparent sub- 
strates 2 and B and is sealed by a sealing element 6. 
Respective drivers 3 are connected to the respec- 
tive scanning electrodes 4 (Li to Lie) so as to apply 
a voltage Vc thereto. Respective drivers 10 are 
connected to the respective signal electrodes 7 so 
as to apply a voltage Vs thereto. 

The operation of the conventional matrix type 
display panel will be described below. 

The portions where the respective electrodes 4 
and the respective electrodes 7 are overlapped 
become picture elements, respectively. In order to 
bnng one of the picture elements into a bright state, 
it IS necessary to apply the voltages Vc and Vs to the 
corresponding electrodes 4 and 7 so as to satisfy 
the following equation (1) (or (2)) for to seconds or 
more. 

Vc - Vs ^ Vthi (1) 
Vc - Vs ^ -Vtha (2) 

wherein Vthi and Vth2 are threshold voltages of the 
liquid crystal and to is a real number larger than zero. 

On the other hand, in order to bring one of the 
p cture elements into a dark state, it is necessary to 
keep another equation (2) (or (1)) for to seconds or 
more. Normally, when a direct current voltage Is 
applied to the ferroelectric liquid crystal layer 5, the 
characteristics of the equations (1) and (2) tend to 
bo shifted In order to avoid this, before applying a 
positive voltage Vo (volts) = Vc - Vs (Vo ^ Vthi) to 
tho liauid crystal layer 5 for to seconds, a negative 
V'V:acio Vo (volts) - Vc Vs (-Vo rr- -Vth^) must ho 
nppliod thereto tor n) seconds. On the other hand, 
ti-;'or-(' npptying tli!- luiqative vo'tage Vo 
f ;'.lts) Vc Vf to tho liquid cryr.tai layer b for to 


il display device 

seconds, the positive voltage Vo Vc - Vs must be 
applied thereto for to seconds. That is, it takes at 
5 least 2to seconds to rewrite the picture elements 
defined on one scanning electrode 4. The aforemen- 
tioned switching operation between the positive and 
negative voltages is referred to the selection of the 
scanning electrode 4 hereinafter, and the time 

10 interval necessary for the aforementioned switching 
operation is referred to the time interval for selecting 
the scanning electrode 4. It is to be noted that the 
voltages Vthi, -Vth2 and to are determined in 
accordance with the kinds of the ferroelectric liquid 

15 crystal to be used. 

In the case that images are displayed on the 
matrix type display panel shown in Fig. 7, on the 
assumption that the time for selecting one elec- 
trode 4 is 2to, it takes 16 x 2to seconds to select the 

20 first electrode Li again after selecting the sixteen 
scanning electrodes Li to Lie sequentially. A time 
period needed for selecting all of the sixteen 
scanning electrodes Li to Lie sequentially is 
referred to the frame period Tf hereinafter. 

25 In the case of the matrix type display panel shown 

in Fig. 7, there are the sixteen scanning electrodes 4, 
however, in the case that there are M scanning 
electrodes 4 in a matrix type display panel, the frame 
period Tf is expressed as follows: 

30 Tf = M X 2x0 (3) 

wherein M is a positive integer. 

When a ferroelectric liquid crystal having the time 
interval to = 100 micro seconds is used and the 
number M of the scanning electrodes 4 is 400, the 

35 frame period Tf is 0.08 seconds. 

In order to hold one of picture elements in a dark 
state, it is necessary to apply the negative voltage 
thereto. However, when the scanning electrode 4 
corresponding thereto is selected again after the 

40 frame period Tf, it becomes necessary to apply the 
positive voltage thereto for the time interval to- Due 
to this, the picture element is brought into a bright 
state temporarily. Namely, the picture element 
becomes the bright state every frame period Tf ( = 

45 0.08 seconds). 

Thus, when the bright and dark states of the 
picture element are switched in a period larger than 
1/60 seconds, a flicker is caused on the display 
panel for human's eyes, resulting in that the display 

50 panel produces unsightly images. 

In order to overcome the aforementioned disad- 
vantages, a matrix type ferroelectric liquid crystal 
display device further comprising a back light source 
11 as shown in Fig. 9 in addition to the structure 

55 shown in Fig. 8 is proposed. The back light source 1 1 
is arranged on the outer surface of the polarizer 9, 
and the light intensity thereof is controlled by a 
control circuit 12 periodically as shown in (a) of 
Fig. 10. While the light intensity of the back light 

tiO source I \ is kept rolativoly low, the control circuit 

controls the drivers 3 and 10 so as To select 
individual ;,c;anninq elccdrodes 4 sequentially. 

In the arorementionod conventional display device 
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comprising the back light source 11 and the control 
circuit 12. When at least one picture element ,s 
rewritten, the back light source 11 .s turned off so 
that the whole matrix display panel becomes 
relatively dark. On the other hand, except for the 
respective time Intervals for rewriting the picture 
elements, the back light source 1 1 is turned on^ 

The aforementioned conventional display device 
Shown in Fig. 9 can prevent the display from 
flickering certainly. However, since the scanning 
electrode 4 can not be selected tor th ^ime mten^al 
when the light intensity of the back light source ^ .s 
kept relatively high, the frame period Tf '""rr^f 'J 
the ratio of the time interval for the high light 
ntensity to the time interval for the low light intensity 
^ the back light source 11 is 1 : 1, the frame penod 
Tf becomes twice as long as that in the aforenrien- 
tioned display device not having the back light 
source In the case that the time interval xo is 100 
micro seconds and the number U of the scann|ng 
Lctrodes 4 is 400 as described above the frame 
neriod Tf becomes 0.16 seconds, resulting in that 
me rnovement of the images becomes slow in a 
moving image display. 

S UMMARY OF THE INVENTION 

An essential object of the present invention is to 
provide a liquid crystal display device which .s able to 
prevent the display from flicking thereon in a 
relatively short frame period Tf. 

According to the present invention, there is 
provided a liquid crystal display device comprising^ 
'^st and second transparent substrates arranged in 
parallel to each other with a Predetermined interval 
a plurality of transparent scanning electrodes 
formed on the inner surface of said first transparent 

TfJuSy of transparent signal electrodes formed on 
the inner surface of said second transparent 
subslrate so as to cross said transparent scanning 

a'«quid*c J'stal layer for displaying picture elements 
dSd a7the crossings between said transparen 
scanning electrodes and said transparent signal 
electrodes in accordance with a predeterm ned 
voltage applied thereto, said liquid crystal laye 
being arranged between said first transparent 
substrate and said second transparent substrate 
a light source for emitting a light toward said liquid 
crystal layer; and . 
a light shutter means arranged between said liquid 
crystal layer and said light source for shading the 
Hght incident to the picture elements being rewritten 
from said light source. 

Accordingly, since the light from the light sou ce 
is not incident to the picture "elements be ng 
rewritten, any flicker is not caused on the display 
device. Furthermore, since the picture elements 
except for the picture elements being rewntten are 
displayed, the frame period Tf does not increase 
resulting in that the quality of images displayed on 
the liquid crystal display device can be improved. 


BRIEF r.Pc;nRIPTI ON OF THE DRAV VINGS 
^Tfeii-^Hdr^IhiT^bj^HTT^^^d^^ of the 
present invention will become clear fr°n^ 
Sing description taken in c-iunc -o" wrt^^^^ 
5 preferred embodiments thereof with reference to 
thp accompanying drawings, in which, 
the accomp^ ,3\'^3chematic top plan view showing a 
liquid crystal display device of the preferred 
embodiment according to the present inven- 

*'°Fiq 2 is a schematic longitudinal cross-sec- 
tional view showing the liquid crystal display 
device shown in Fig. 1 ; „„rotir.n 

Fig. 3 is a timing chart showing the operation 
,5 of the liquid crystal display device shown in 

Figs. 1 and 2; 

Fig 4 is a schematic top plan view showing a 
light shutter panel used in the liquid crystal 
disDlay device shown in Figs. 1 and 2; 

Fiq 5 is a schematic longitudinal cross-sec- 
tional view showing the light shutter panel 

^^Fre^r'a tiing chart showing the operation 
of the light shutter panel shown in Figs. 4 and 5. 

Fig 7 Is a schematic top plan view showing a 
conventional liquid crystal display device ; 

Fiq 8 is a schematic longitudinal cross-sec- 
tional view showing the liquid crystal display 
device shown in Fig. 7; ^ 

Fig 9 is a schematic longitudinal cross-sec- 
tional view showing a further conventional liquid 
crystal display device; and 

Fin 10 is a timing chart showing the oper- 
ation of the liquid crystal display device shown 
35 in Fig. 9. 

DEIA!LED_DESCR!P^^ 

^^^^re, embodiment according to the 
present invention will be described below in detail, 
referring to the attached drawings. 

Fias 1 and 2 show fundamental structures o a 
two dimensional rriatrix type liquid crystal display 
devkfe o1 the preferred embodiment according to 

the present invention. , ci^ o .with 

AS is apparent from comparison of Fig. 2 with 
Fig 9, a light shutter panel 21 is inserted between a 
matrix display panel 20 and a light source 19. The 
«res of the light shutter panel 21 and the light 
source 19 are substantially same as those shown in 

'''The light shutter panel 21 is comprised of a liqijd 
rn^stll cell having a sandwich structure of hvo 
'rSaren substrates 13 and 15 of glass and a 
LrroeTectric liquid crystal layer 5a contained there- 
be^een in a sealed state by a sealing nnember 6a^ 
Seen the light shutter panel 21 and the light 
source 19. a polarizer 16 is inserted so as to satisfy a 
cmssed Nicols relation with the polanzer 9 of the 

^rshtw^:rynC'4'slxteen transparent scanning 
electrodes 4a (L,a to Li6a) are formed on the inner 

snrfarc of the substrate 13 so as to correspond t<^ 
ttu scanning eloctrodo.s A of .ho rnatr,x f^P'^-^V Pan 
20 and on the opposed inner nurtace of Ihr- 
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substrate 15, a transparent rectangular ground 
electrode 14 is formed so as to cover the whole area 
of the substrate 15. 

These sixteen scanning electrodes 4a (Lu to Lisa) 
are divided into four groups, each being comprised 
of successive four scanning electrodes Lia to L4a, Ua 
to Ua, L9a to Li2a, Li3a to Li6a, respectively, and each 
scanning electrode belonging to one group is 
connected to a driver 17 so as to be able to apply a 
voltage Vh commonly. Further, a ground driver 18 is 
connected to the ground electrode 14 in order to 
give zero voltage to the same. 

Thus, the light shutter panel 21 can shade the light 
from the iight source 19 in the unit of each group 
when the voltage Vh is applied thereto by the 
corresponding driver 17 (Di, D2, D3 or D4). In other 
words, the shutter panel 21 has four shutter 
elements in this example. 

A frequency for driving the drivers Di to D4 is 
chosen higher than that of the commercial electric 
power in order to avoid possible flickers. In the 
preferred embodiment, the light intensity of the light 
source 19 is kept constant as shown in Fig. 6. 

A control circuit 30 applies predetermined volt- 
ages to the scanning electrodes 4 (Li to Lie), the 
signal electrodes 7 and the scanning electrodes 4a 
(Lia to Li6a) through the drivers 3, the drivers 10 and 
the drivers 17 (Di to D4), respectively, as described 
below in detail. 

The operation of the matrix type liquid crystal 
display device of the preferred embodiment will be 
described below in detail. 

Assuming that the matrix display panel 20 has M 
scanning electrodes 4 to be driven in a frame period 
Tf and that M scanning electrodes 4 are divided into 
2 X N groups from the first to 2N-th. each of which is 
comprised of successive K scanning electrodes 4, 
wherein M, N and K are positive integers chosen so 
as to satisfy the following conditions: 
N > 60 (Hz) X Tf (4) 

wherein 60 (Hz) is the frequency of the commercial 
electric power, and 
K ^ (5) 

The first condition is given in order to avoid 
possible flickers. K is desirably chosen as a 
minimum integer among integers satisfying the 
condition (5). 

The light shutter panel 21 has the same grouping 
structure as that of the matrix display panel 20 as far 
as the scanning electrodes 4a are concerned. 
Namely, it has 2 x N light shutter elements being 
comprised of the first to 2N-th groups, each group 
having K successive scanning electrodes 4a. 

As stated above, when either one of the first to 
2N-th light shutter elements is driven by applying the 
voltage thereto, the light amount incident to the 
portion of the corresponding group of the scanning 
electrodes 4 of the matrix display device 20 
decrease accordingly. 

In this preferred embodiment, if either one of the 
scanning electrodes 4 belonging to an odd group of 
rhf; matrix display panel 20 is diiv^un fu lewrite, all uf 
the odd Ghutter eienionts ot the light ahuttcr panel 

1 riro f in v'^ Ml tu closo '^)n tht; norUrary, if eii nor oru; 
^:>i ^tvj sc;.i filing eloctrtnit:::. 4 tielotujinq to an even 


group is driven to rewrite, all of the even shutter 
elements of the light shutter panel 21 are driven to 
close. Respective shutter elements are normally 
opened except for the case above mentioned. 

5 Thus, the light amount incident to a picture 
element defined on an arbitrary scanning electrode 4 
decreases for a time interval of Tf/2N and increases 
for the time interval of Tf/2N, and this decrease and 
increase pattern of the light amount is repeated. 

10 Namely, the period of the repeated pattern becomes 
Tf/N, and according to the condition (4), the 
following unequality is satisfied. 
-~r ^ (seconds) (6) 

Thus, no flicker is caused in the preferred 

15 embodiment. 

The operation of the light shutter panel 21 will be 
described below, referring to a timing chart shown in 
Fig. 6. 

In order to make the light shutter element 

20 corresponding to the scanning electrodes Li to L4 
open, the control circuit 30 applies a voltage Vh 
satisfying the following equation (7) (or (8)) to the 
scanning electrodes Lia a to Ua through the driver 
Di for the time interval to seconds. On the other 

25 hand, in order to make the light shutter element 
corresponding to the scanning electrodes Li to L4 
close, the control circuit 30 applies a voltage Vh 
satisfying the following equation (8) (or (7)) to the 
scanning electrodes Lia to Ua through the driver Di 

30 for the time interval to seconds. 
Vh ^ Vthi (7) 
Vh ^ Vth2 (8) 

Namely, when the voltage Vq (volts) is applied to 
the scanning electrodes Lia to Ua for the time 

35 interval to seconds after the voltage -Vo (volts) is 
applied thereto for the time interval tq seconds, the 
light shutter element corresponding to the scanning 
electrodes Li to L4 is opened. On the other hand, 
when the voltage -Vo (volts) is applied to the 

40 scanning electrodes Lia to Ua for the time interval to 
seconds after the voltage Vo (volts) is applied 
thereto for the time interval to seconds, the light 
shutter element corresponding to the scanning 
electrodes Li to L4 is closed. 

45 The experimental result of the liquid crystal display 
device of the preferred embodiment will be de- 
scribed below. 

The drivers Di to D4 are driven so that the light 
shutter elements are opened and closed as shown in 

50 (c) to (f) of Fig. 6. in synchronizing with that the 
rewritten electrodes 4 of the matrix display panel 20 
are selected as shown in (b) of Fig. 6. (c) to (f) of 
Fig. 3 show the driving voltages applied to the 
scanning electrodes Lu to Ua, Ua to Ua. Lga to Li2a. 

55 and Li3a to Liea in the above case, and also (g) and 
(h) of Fig. 3 show the lightness of the picture 
elements defined on the scanning electrode Li when 
the picture elements are set in the bright and dark 
states, respectively, in this case. 

60 As is apparent from the above experiment, the 
lightness of the picture elements changes, mainly, 
acctjidiny tu the switching ptTiod uf the i\c\\\l 
Ghuttcr. 

Furtfiorfnore, a liqnK'l crysiai displny clt^vice ha\.'ing 
6^6 the fundamental structure shown m Fiqs. 1 rind 2 aruj 
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having the 400 scanning electrodes 4 was made. 
When the voltage Vc is applied to the 400 scanning 
electrodes 4 of the liquid crystal display device, the 
images with no flicker can be obtained on the liquid 
crystal display device. 

In the present preferred embodiment, the scan- 
ning electrodes 4 are selected sequentially in the 
order from the scanning electrode Li to Lie as 
shown in (b) of Fig. 6. However, there is no problem 
even though the light shutter element corresponding 
to the scanning electrode 4 being far away from the 
selected scanning electrode 4 is opened. 

In the present preferred embodiment, the fer- 
roelectric liquid crystal panel 21 is used as the light 
shutter panel. However, a lighting apparatus having 
the same effect as that of the ferroelectric liquid 
crystal panel, such as an electroluminescence 
display, a vacuum fluorescent display, a plasma 
display panel, and a twisted nematic liquid crystal 
display, respectively comprising strip shaped picture 
elements arranged along the scanning electrodes 4 
of the matrix display panel 20, can be used as the 
light shutter panel. 

In the present preferred embodiment, as shown in 
Fig. 6, when the light shutter element corresponding 
to the scanning electrodes Li to U are closed, the 
light shutter element corresponding to the scanning 
electrodes Ls to Ls are opened and the light shutter 
element corresponding to the scanning electrodes 
Lg to Li 2 are closed. Namely, there are provided the 
opened light shutter element and the shut light 
shutter element alternately at intervals of the 
aforementioned scanning electrode group. In this 
case, the flicker can be preferably suppressed. 
However, the present invention is not limited to this, 
the light shutter elements corresponding to the 
scanning electrodes 4 of the picture elements being 
rewritten may be closed, and the other light shutter 
elements may be opened, resulting in that the flicker 
can be suppressed sufficiently. 

In the present preferred embodiment, the scan- 
ning electrodes 4 corresponds to one light shutter 
element In the unit of the electrode group, because it 
Is difficult to make the scanning electrodes 4 
correspond to the light shutter elements one by one 
precisely when the matrix display panel 20 is 
overlapped on the light shutter panel 21 . When the 
panels 20 and 21 are overlapped with a high 
precision so that the scanning electrodes 4 corre- 
spond to the light shutter elements one by one. 
respectively, the opening and closing operation of 
every one light shutter element corresponding to the 
selected one electrode 4 may be controlled. 

As shown in Fig. 6, the opening time interval OP of 
the light shutter elements is smaller than a predeter- 
mined time interval. For example, when the light is 
projected to the scanning electrodes Ls to Le. the 
light shutter element corresponding to the scanning 
electrodes Ls and Le are closed and the tight shutter 
element corresponding to the scanning electrodes 
Le and L7 is opened. Bccauoc it is taken into 
consideration that the light transmitting through the 
opened light shutter element spreads out when 
there is a gap between the mEitnx display panel 20 
and the light shutter panel 21 . Therefore, in the case 


that the liquid crystal display device has a structure 
where the light transmitting through the opened light 
shutter element does not spread out, the opening 
time interval OP may not be smaller than the 

5 predetermined time interval. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope 
and spirit of the present invention. Accordingly, it is 

10 not intended that the scope of the claims appended 
hereto be limited to the description as set forth 
herein, but rather that the ulaims be construed as 
encompassing ail the features of patentable novelty 
that reside in the present Invention, including all 

15 features that would be treated as equivalents thereof 
by those skilled in the art to which the present 
invention pertains. 

20 Claims 

1 . A liquid crystal display device comprising: 
first and second transparent substrates ar- 
ranged in parallel to each other with a predeter- 

25 mined interval ; 

a plurality of transparent scanning electrodes 
formed on the inner surface of said first 
transparent substrate; 

a plurality of transparent signal electrodes 
30 formed on the inner surface of said second 

transparent substrate so as to cross said 
transparent scanning electrodes; 
a liquid crystal layer for displaying picture 
elements defined at the crossings between said 
35 transparent scanning electrodes and said 

transparent signal electrodes in accordance 
with a predetermined voltage applied thereto, 
said liquid crystal layer being arranged between 
said first transparent substrate and said second 
40 transparent substrate ; 

a light source for emitting a light toward said 
liquid crystal layer; and 

a light shutter means arranged between said 
liquid crystal layer and said light source for 
45 shading the light incident to the picture ele- 

ments being rewritten from said light source. 

2. A liquid crystal display device as claimed in 
claim 1, wherein said transparent scanning 
electrodes are orthogonal to said transparent 

50 signal electrodes, and the picture elements of 

said liquid crystal layer are formed in a matrix 
shape. 

3. A liquid crystal display device as claimed in 
claim 1, wherein said light shutter means 

55 comprises: 

third and fourth transparent substrates ar- 
ranged in parallel to each other with a predeter- 
mined interval; 

a plurality of further transparent scanning 
60 electrodes formed on the inner surface of said 

third transparent substrate so as to face said 
respective transparent scanning electrodes; 
a ground electrode formed on the inner surface 
of said fourth transparent .substrate .so as to 
face the whole area of said ft.irther transparent 
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scanning electrodes ; and 

a further liquid crystal layer for forming light 
shutter elements defined on said further trans- 
parent scanning electrodes in accordance with 
a predetermined voltage applied thereto, said 5 
further liquid crystal layer being arranged 
between said third transparent substrate and 
said fourth transparent substrate. 

4. A liquid crystal display device as claimed in 
claim 1, wherein said light shutter means is an 10 
electroluminescence display, a vacuum fluores- 
cent display, a plasma display, or a twisted 
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nematic liquid crystal display. 

5. A liquid crystal matrix display comprising 
an array of selectively controll£dDle liquid crystal 
display elements, a light source for emitting 
light to illuminate said display elements, and 
light shutter means between the array and the 
light source, said light shutter means having 
individually controllable shutter portions for 
shading corresponding portions of the array 
from said light source. 
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Fig. 3 
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© Liquid crystal display device. 

© A liquid crystal display device comprising a liq- 
uid crystal display panel (20) for displaying picture 
elements in accordance with a predetermined volt- 
age applied thereto is disclosed. In the liquid crystal 
display device, a light shutter (21) is arranged be- 

Fig. 2 


tween the liquid crystal display panel (20) and a light 
source (1p), and the light shutter (21) shades the 
light incident to the picture elements being rewntten 
from the light source. 
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